V600E mutations in patients with papillary thyroid carcinoma (PTC) remained controversial. This study investigated the association between LNM and ultrasonographic features as well as BRAF V600E mutation in Chinese patients with PTC. A total of 280 patients with PTC in China were included in this study. 108 had cervical lymph node metastasis, while 172 had not. Younger age (<45years) and several ultrasonographic features were significantly associated with cervical LNM (Ps < 0.05). The BRAF V600E mutation was detected in 81.0% of patients with PTC (226/280). The status of BRAF
1
The association between cervical lymph node metastasis (LNM) and ultrasonographic features as well as BRAF V600E mutations in patients with papillary thyroid carcinoma (PTC) remained controversial. This study investigated the association between LNM and ultrasonographic features as well as BRAF V600E mutation in Chinese patients with PTC. A total of 280 patients with PTC in China were included in this study. 108 had cervical lymph node metastasis, while 172 had not. Younger age (<45years) and several ultrasonographic features were significantly associated with cervical LNM (Ps < 0.05). The BRAF V600E mutation was detected in 81.0% of patients with PTC (226/280). The status of BRAF
V600E
mutation was not associated with cervical LNM. However, Ct values by PCR and intensity of reactions by immunohistochemistry (IHC) for BRAF V600E expression had shown significant difference between group with and without LNM. Furthermore, an increased proportion of LNM was also found with the incremental intensity of IHC for BRAF V600E expression from weak to strong reaction after adjusted potential confounders. Further studies are required to verify this association and explore the intrinsic mechanism.
Papillary thyroid carcinoma (PTC) is the most common thyroid cancer, accounting for 80-90% of all thyroid carcinomas, with an increasing incidence globally 1, 2 . PTC cancer cells metastases primarily via cervical lymph node metastases (LNM). The clinical significance of LNM in PTC remained controversial. Previous studies reported that LNM may influence only recurrence but not survival 3 . However, recent evidence from a large-scale nested case-control study indicated that LNM and incomplete surgical excision were two primary characteristics associated with higher morbidity 4 , and the presence of LNM enhanced the rate of distant metastases by 11.2-fold 5 . Cervical ultrasonography (US) is commonly performed as preoperative imaging to visualize the LNMs lesions. However, factors including lymph nodes size and air or bone shadowing might limit their detection by US, thus influence the preoperative strategy.
BRAF somatic mutations are the commonest genetic alterations in PTC, which may have diagnostic, prognostic, and therapeutic value in the management of PTC. BRAF V600E mutation resulting from the substitution of a valine by a glutamate at reside 600, is associated with adverse prognostic factors, such as extrathyroidal extension, LN metastasis, and poor survival 6, 7 , because this mutation, via activation of MAP kinase pathway, can cause loss of expression of thyroid genes and refractoriness to radioiodine, as well as up-regulation of angiogenic and tumor-promoting molecules 8, 9 . However, the definite prognostic role of the BRAF mutation 10, 11 was not identified in every studies. A recent large Chinese cohort study revealed that the association of this mutation with SCIenTIfIC RePoRTS | (2019) 9:75 | DOI:10.1038/s41598-018-36171-z extrathyroidal invasion and LNM were not seen in all cities when analyzed city by city 12 . Hence, in our Chinese population with PTC, the relationship between BRAF V600E mutation and cervical LNM cannot be concluded. In this study, we aim to identified certain US features of primary tumor which might be able to predict LNM in PTC patients, and evaluate the BRAF V600E mutation from US-FNA in a qualitative manner with immunohistochemical staining and PCR in order to investigate the association between this mutation and cervical LNM in Chinese PTC patients, a population in which the research on the quantification of this mutated allele and its protein expression remains understudied, at the background of the large variation in the prevalence of the BRAF V600E mutations in PTCs among countries.
Results
General characteristics of patients with PTC according to the status of LNM. Among the 280 patients, the mean age ± SD of the patients was 43.78 ± 10.93 years (range, 9-73years) and postoperative pathological results showed that 108 PTCs had cervical LNM, while 172 PTCs had not (Table 1) . PTCs with LNM were younger than PTCs without LNM (40.48 ± 11.83 vs. 45.85 ± 9.81, p < 0.001), and there were more male patients suffering from LNM than females (55.4% vs. 33.5%, p = 0.001). In terms of personal habits (smoking and alcohol intake) and ethnicity, there were no significant differences between the two groups (p > 0.05).
The US characteristics and BRAF
V600E status with its Ct values. The mean nodule maximum diameter was 1.10 ± 0.68 (range, 0.30-4.5 cm). The mean maximum diameters of PTCs with LNM was larger than those without LNM (1.46 ± 0.85 cm vs. 0.87 ± 0.40 cm, p < 0.001) ( Table 2 ). The area under curve (AUC) to distinguish cervical LNM from none cervical LNM was 0.76 (95%CI: 0.695-0.816)for tumor size with cut-off value of 0.95 cm with an AUC of 0.76 according to the ROC curves (sensitivity, 73.1%; specificity, 69.8%) (Fig. 1 ). There were significant differences in other sonographic features between PTC patients with and without LNM, including multifocality, shape, margin, heterogeneous echogenicity, calcification, CDFI, US-LNM, distance to capsule and the diffuse disease (Ps < 0.05). However, the status of BRAF V600E showed no significant difference between two groups (p = 0.499). 
General information and ultrasonographic indicators of cervical

Discussion
Among all the general characteristics, only younger age (<45years) was an independent predictor to LNM, which is consistent with previous reports that younger age was associated with an increased risk of cervical LNM in PTC. As Ning et al. suggested, younger age may indicate greater risk for the evolution of biological aggressiveness; hence appropriate initial management may improve the prognosis of younger PTC patients 13 . Due to the high specificity and positive predictive value, ultrasonography is an important tool for the detection of metastatic nodes, however, only half of the LNM that are found during surgery can be identified by preoperative US, because US evaluation is an operator-dependent technique 14 and unable to consistently visualize deep anatomic structures, or structures that are acoustically shadowed by bone or air.
Nam et al. demonstrated that PTCs with malignant US features had worse biological behaviors than PTCs without, including extrathyroidal extension, LNM, and advanced stage 15 . In other words, US features during diagnosis can serve as a useful predictive tool for biological behavior in PTC. In this study, some US features of the primary tumor showed significant differences between LNM group and non-LNM group. These features were multifocality, tumor size, shape, margin, calcification, CDFI and the distance to the capsule. However after multivariate logistic regression analysis, only multifocality, tumor size, CDFI and distance to capsule were significantly associated with LNM.
Multifocality was associated with higher probability of disease recurrence and poorer prognosis as compared to unifocal disease 16 . In close proximity to the previous finding 17 , our results showed that 29% of patients had multifocal PTC. As suggested by Kim et al., the number of tumor foci independently predicted LNM 18 . The clonal origin of the multifocal PTCs has not been completely identified to date. It is not clear whether these foci represent intraglandular dissemination of a single primary tumor or arise from distinct progenitor cells.
With the increase of tumor's diameter, the infiltration depth and scope becomes deeper and wider, respectively, resulting in increased contact areas of tumor with thyroid capsule and intraglandular lymphovascular, which might increase the incidence rate of cervical LNM. Sezer et al. suggested that the lymphovascular invasion was significantly associated with an increased risk of cervical lymph node metastasis (OR = 30.61;95CI:14.99-62.49) 19 . Our results also showed that the optimal cut-off value of the tumor size for predicting the risk of cervical LNM was 0.95 cm, in proximity to 1 cm which is one of the diagnostic criteria of PTMC 20 . Most of tumors this size are indolent low risk tumors, but some of them behave more aggressively 21 . Therefore, as suggested by Nam-Goong et al., small tumor size alone does not assure low risk in incidentally identified thyroid cancers 22 . Liu et al. indicated that only capsule invasion and tumor location were significantly associated with cervical LNM 23 . In this study, we found that when the primary tumor was close (<2 mm) or even clung to the thyroid capsule (the latter often exhibited a blurred boundary between the tumor and capsule, suggesting the breach of the continuity of the capsule, which is a sign of capsule invasion demonstrated by postoperative pathology), the patients were predisposed to cervical LNM. It is well established that the growth of thyroid cancer through a tissue barrier can reflect the invasive properties of the thyroid primary tumor, which continues to form an integral element of tumor staging systems 24 . Angiogenesis is one of the important factors in tumor growth, metastasis and progression 25 . It is also a precursor for regional LNM 26 and reflects microvessel density in local tumor progression 27 . CDFI has potential to detect blood flow differences of healthy organs and cancerous tissues, which can be used to reflect the the status of microvessels in PTC 28 . Some studies found that PTCs with high VEGF-A expression, which is one of the major regulators of tumor angiogenesis have a significantly higher microvessel density. This is associated with an increased risk of recurrence and worse prognosis 29, 30 . Schluter et al. explained that the microenvironment of the primary tumor characterized by highly expressed angiogenic biomarkers prepared the tumor for metastasis, but some metastases were clinically detectable at far later time points 25 . Table 3 . Multivariate analysis of the association between clinicopathological characteristics and cervical LNM in 280 PTC patients. 31 is the most prevalent type of genetic alteration in thyroid cancer and has been widely investigated. The incidence rate of BRAF V600E varies greatly, ranging from 29-83% in PTC, the reason for which is unclear, although it is suggested that geographic, genetic factors, or other factors may account for this 32 . Our results showed that 81% (226/280) PTCs harbored BRAF V600E mutation, which is a higher incidence rate within the range mentioned above. Besides its strong correlation with PTC, BRAF V600E mutation is found to associate with aggressive behavior and poor prognosis that are defined by extrathyroidal extension, multicentricity, local recurrence, LNM, and distant metastasis 33 . Xing 8 evaluate pooled prognostic data from all published studies and found a significant association between the BRAF mutation and LNM (OR: 1.83; 95% CI: 1.58-2.13) of PTC. However, other studies did not demonstrate this association. Kathleen et al. indicated that BRAF V600E mutation was not found to be significantly associated with the presence of LNM (P = 0.167) and multivariate analysis showed only size and venous/lymphatic invasion were significantly associated with LNM 34 . Consistent with this finding, our results showed no positive association between the status of the BRAF V600E mutation and the cervical LNM, and no difference between the two groups with and without LNM. The conflicting results of these studies might be due to variations in the study populations in terms of size, age distribution, histological variants, genetic factors, environmental factors, disease stages at the time of initial diagnosis, and methods or criteria used to detect the BRAF V600E mutation 35, 36 . Ct value was inversely related to the BRAF V600E mRNA level. Thus, a low Ct value corresponded to a higher mRNA level 37 . In this article, our findings showed that Ct values were lower in patients with LNM, which were in line with another retrospective study by Vivian et al. 38 . However, their study population was mainly Korean, with Ct40 as the cut-off value, whereas our diagnostic criterion for BRAF V600E mutation was Ct28. Immunohistochemistry was utilized to evaluate the level of BRAF V600E protein. Coinciding with the difference of Ct values in two groups, strong reactions were mainly found in the PTC patients with LNM. However, when logistic regression was performed, especially in model 3 adjusted for several potential confounders, only IHC for BRAF V600E expression grouped by intensity from weak to strong reaction had shown an increased proportion of LNM. There may be several reasons for this inconsistent role of Ct value and IHC in LNM. First, Ct value quantitatively reflects gene expression in real-time PCR, but it is determined from a log-linear plot of the PCR signal versus the cycle number, thus it is not a linear term 37 . Second, mRNA is unstable and easy to be degraded. Third, the procedure is regulated by many factors during the translation of mRNA to protein, which plays the ultimate role in the biological function. Fourth there may be sampling errors in FNA due to the heterogeneous distribution of BRAF V600E mutation within the tumors 39 . Therefore, some PTCs with a higher expression of BRAF V600E protein may represent a proclivity to aggressive pathologic features as compared to those of lower expressions. In a vitro study, BRAF V600E -overexpressed rat thyroid cells that were grown on Matrigel TM showed increase in migration of thyroid cells 40 ; in vivo, the percentage of mutant BRAF alleles was positively associated with tumor burden and extrathyroidal invasion in PTC 41 . Therefore, it may not be enough to test only the status of BRAF V600E from FNA cells; quantification of this mutated gene is required, especially for the patients who have the US signs mentioned above.
BRAF mutation that was first identified in malignant melanoma by Davies and colleagues in 2002
There are four limitations to our study. First, a selection bias is inevitable due to patients exclusion whose thyroid nodules were suspected of malignance examined, but without receiving further cytopathologic diagnosis or undergoing operation in our hospital. Second, this is a retrospective study, in which some images were not real-time reviewed; therefore, these results may be different if the attending surgeons performed the US. Third, diagnostic performance varied in accordance to the methodology of BRAF V600E testing and Ct cut-off values; therefore, the results may not be reproducible if another method and cut-off value are used. Finally, the study population was composed of Chinese patients, who have a higher prevalence of BRAF mutation; therefore, the conclusion of this study may not represent the situations in other countries, especially in areas with a low prevalence of BRAF mutation.
In conclusion, certain ultrasonographic features that are the sign of malignancy during examination of thyroid nodules, were associated with cervical LNM. Furthermore, we suggested a quantification of the BRAF V600E as a supplement for just testing the status of the mutated gene from FNA cells in BRAF V600E -positive patients. Therefore, the combination of US features and the quantification of the BRAF V600E could serve as an effective tool for risk stratification and determination of the initial surgical approach in PTC patients preoperatively.
Methods
Patients and specimens. This retrospective observational study was approved by Chinese People's Liberation Army General Hospital (PLA General Hospital) Research Ethics Committees. We confirmed that all methods were performed in accordance with the relevant guidelines and regulations. Written informed consent was obtained from all patients for US-guided fine-needle aspiration (US-FNA) and BRAF V600E mutation prior to each procedure. We included 280 PTC patients who underwent surgery at PLA General Hospital between 2016 and 2017. Exclusion criteria were: (1) Patients who refused US-FNA before thyroidectomy or BRAF V600E mutation analysis of surgical specimen. (2) Patients who did not have preoperative US in our hospital or whose lesion was unable to be identified on US. The general characteristics of the 280 patients were collected, including age, sex, ethnicity, and lifestyles (smoking and alcohol drinking habits). According to previous reports, 45years was set as the cut-off value; <45years was defined as younger age.
All patients had either total thyroidectomy or near-total thyroidectomy, and received prophylactic or therapeutic central-compartment neck dissection. Lateral compartmental lymph node dissection was performed for patients with US-FNA-proven or clinically suspicious lateral cervical lymphadenopathy. Fresh PTC specimens were collected from these 280 patients undergoing thyroidectomy at PLA General Hospital. Immunohistochemistry was performed after formalin fixed and paraffin-embedded PTC tumor specimens from these patients were collected. Two experienced pathologists were delegated to review histopathological slides retrospectively for all cases to confirm the histological diagnosis. Immunohistochemistry. Histological sections were fixed with 4% formalin, embedded in paraffin, cut and mounted on glass slides, stained with hematoxylin and eosin. Immunohistochemical analyses were made using the BRAF V600E mutation-specific antibody (VE1, ZM-0302, 1:30, Zhongshan Jinqiao Biological Technology Co., Ltd.). The paraffin-embedded tissue blocks were cut in 4um sections. mounted on coated glass slides and held in a drying oven at 60 °C for 2 h. Immunohistochemistry (IHC) was performed using the EnVision FLEX+ (DK-2600; Dako Denmark A/S, Glostrup, Denmark).The IHC staining results were evaluated independently by 2 observers who were blinded to all genetic and clinical data. When clear cytoplasmic staining with VE1 antibody was observed, the result was interpreted as positive and scored as weak (+), moderate (++), or strong (+++) respectively 20 .
Statistical Analysis. The results are expressed as mean ± SD for continuous data and percentage (%) for categorical data. Mann-Whitney U test was used for the comparison of continuous variables, of which results are expressed as median. Pearson χ 2 test or Fisher's exact test was used for comparison of categorical variables. Multivariate logistic regression was performed to examine the associations between LNM and ultrasonographic characteristics as well as quantified level of BRAF V600E mutation. The SPSS statistical software (version 22.0) was used for all analyses. A P value < 0.05 was considered to be significant.
